INTRODUCTION
============

Breast cancer is the most common cancer in women, with about 1.5 million new cases being diagnosed annually worldwide, a lifetime risk of up to 12%, and a risk of death of up to 5% in Western countries.[@B1] The incidence of breast cancer in Korea has been increasing constantly, although it remains low compared with its incidence in Western countries.[@B2],[@B3],[@B4],[@B5] According to the hospital-based cancer registry called the Korea Central Cancer Registry, the age-standardized breast cancer incidence rate per 100000 was 20.9 in 1999, and it was exponentially elevated to 39.8 in 2010, providing an annual percent change of 6.3%.[@B6] Based on this national-wide database, the breast was the second most common cancer site following the thyroid in year 2010 and comprised 14.3% of all female cancers.[@B6]

Although there is an increasing incidence of breast cancer in Korea, the survival outcome of breast cancer patients has also markedly improved. The 5-year survival rate between 1993 and 1995 was 78.0%, and that rate jumped up to 89.5% between 2003 and 2007.[@B2] Many reports have provided relevant explanations for the recent survival improvement in breast cancer patients. In part, the incline in survival rate can be attributed to nationwide screening programs, with expansion of a proportion of patients with ductal carcinoma *in situ* and early breast cancer.[@B7] Other reasons for these improvements are the advances in adjuvant treatment, which includes the increasing use of adjuvant anthracycline-based regimens or taxane-based regimens[@B8],[@B9] and clinical adoption of new agents: for instance, aromatase inhibitors for hormone receptor-positive tumors and the monoclonal antibody trastuzumab for human epidermal growth factor receptor-2 (HER-2)-positive tumors.[@B10],[@B11] However, almost all these studies have been reported in Western countries, in which Asian races had seldom participated. In contrast to these countries, very few investigations have been reported to explain the underlying cause of the survival improvement of Korean breast cancer patients over time. Thus, it would be clinically relevant to discriminate the influences between the incremental changes in early-stage cancer and time periods that suggest the advancement in cancer management.

Recently, molecular subtyping of breast cancer was logically accepted in clinical practice[@B12],[@B13] hence, the prognostic influence of the subtypes has become increasingly important. Therefore, we explored survival analysis according to subtype in the present investigation.

To discriminate the impact on survival between tumor stage and time periods, we analyzed survival outcome according to the time trend at a single institution. We sought to delineate the improving trend of survival outcome according to time periods at each stage and uncover factors of survival prolongation using our database of well over 1000 patients. To evaluate a prognostic influence of the intrinsic subtypes, we compared survival among subtypes defined by immunohistochemistry (IHC) markers.

MATERIALS AND METHODS
=====================

Patient population
------------------

A prospectively maintained database of breast cancer patients treated at Gangnam Severance Hospital, Seoul, Republic of Korea, was used to identify patients who underwent operation with a diagnosis of breast cancer between January 1991 and December 2005. The period was divided into three corresponding periods: 1991-1995, 1996-2000, and 2001-2005. The follow-up protocol included planned regular visits every 6 months and requests for missed appointments with a telephone call were made to minimize patient loss and raise the accuracy of survival data. The last update of the clinical database was in September 2012. Among the patients receiving an operation, six male patients with breast cancer, one patient with occult cancer, and 18 patients with breast cancer of non-epithelial origin (such as a phyllodes tumor, sarcoma, or lymphoma) were excluded. For survival analysis based on stages, patients with an unknown tumor size and nodal status were also excluded. Bilateral breast cancer was counted as a single patient. Finally, 1889 patients were included in the primary analysis. The institutional review board of Gangnam Severance Hospital, Yonsei University, Seoul, Korea, approved the study to be in accordance with good clinical practice guidelines and the Declaration of Helsinki (Local IRB number: \#3-2013-0152). The need for informed consent was waived due to the retrospective design.

For analysis using intrinsic subtypes, we required information regarding HER-2 status. However, we reported reliable HER-2 data from the institute for April 2002. Therefore, to overcome a small sample size of analysis based on subtypes, with a restriction to this analysis, we extended the study period to December 2008. As a result, 858 patients treated between April 2004 and December 2008 were included in the present analysis.

The staging system was based on the American Joint Committee on Cancer (AJCC), 6th edition.[@B14] We revised the final stage according to the criteria. In synchronous bilateral breast cancer, the higher stage between two tumors was selected. In metachronous bilateral breast cancer, the stage of the first cancer was chosen. In patients receiving neoadjuvant chemotherapy, the clinical stage before neoadjuvant chemotherapy was applied.

During the process of collecting information on adjuvant treatment, we investigated the change in drug regimen according to the time period. We obtained information regarding changing regimens with endocrine therapy. Radiotherapy data were not included.

Subtyping
---------

With regard to biomarker assays, before February 1999, estrogen receptor (ER) status was determined using the ligand binding assay, and tumors were considered ER positive with a score greater than 10 fmol/mg.[@B15] After February 1999, the IHC method for ER staining was introduced and replaced the biochemical method. Likely, progesterone receptor (PR) expression was measured based on the ligand binding assay before 1999 and the IHC method after that time. As mentioned earlier, refined IHC evaluation for HER-2 was established from April 2002 at our institute. HER-2 positivity was assessed by three positive results on IHC examination or fluorescence *in situ* hybridization amplification. Since March 2002, Ki67 labelling index using MIB-1 monoclonal antibodies was clinically applied in our pathologic laboratory. Ki67 expression was measured by an experienced pathologist and was presented as a percentage score (from 0 to 100). Ki67 staining was stratified as a high or low score with a cut-off value of 14%.

For the intrinsic sub-classification, we analyzed the 858 patients with information regarding ER, PR, HER-2, and Ki67 status. According to the criteria suggested by the St. Gallen panelists,[@B16] we classified four subtypes as follows: luminal A (ER-positive and/or PR-positive, HER-2-negative and Ki-67 \<14%); luminal B (ER-positive and/or PR-positive, HER-2-negative, and Ki67 ≥14% or ER-positive and/or PR-positive and HER-2-positive, and any Ki67); HER-2 (ER-negative, PR-negative, and HER-2-positive); and triple-negative breast cancer (ER-negative, PR-negative, and HER-2-negative).

We reviewed the medical records for any discrepancies in the information and pathologic data of the patients and summarized the clinicopathologic characteristics of the patients and details of adjuvant treatment.

Statistical analysis
--------------------

Discrete variables were compared by χ^2^ test. Overall survival (OS) was measured from the date of the first curative surgery to the date of the last follow up or death from any cause during follow up. Recurrence-free survival (RFS) was measured from the date of the first curative surgery to the date of the first locoregional or distant metastasis, or death without any type of relapse. Survival curves based on the Kaplan-Meier method were compared using the log-rank test. Factors, which were significantly demonstrated in the univariate analyses, were used in the multivariate analyses. A Cox proportional hazards regression model was used to assess the effect of each potential prognostic variable on survival. A *p* value \<0.05 was considered significant. The software used to perform these analyses was the SPSS version 18 (SPSS Inc., Chicago, IL, USA).

RESULTS
=======

Demographic characteristics
---------------------------

In 1889 patients, we compared baseline characteristics according to the corresponding time period ([Table 1](#T1){ref-type="table"}). According to the elapsed time, patients aged 40-49 years and 50-59 years showed a peak breast cancer incidence (41.0% and 23.1%, respectively), followed by patients aged 30-39 years (20.2%). These peak ages are concordant with breast cancer in Korea and are different from those observed in Western countries. In our cohort, pure *in situ* carcinoma was diagnosed in 9.3% of the patients, and invasive carcinoma occurred in 91.7% of the patients. The composition of T stage was not significantly changed, but the proportion of N stage showed a significant change according to the time period. As a result, the proportion of stage 0 and I increased from 37.3% from 1991 to 1995 to 42.7% during 15 years. The composition of high histologic grade was not associated with elapsed time ([Table 1](#T1){ref-type="table"}). The rate of positive ER among the patients with known ER status was not significantly different (58.9% in 1991-1995, 59.3% in 1996-2000, and 61.7% in 2001-2005; *p*=0.528). The results were similar for PR.

Survival outcomes
-----------------

During the follow-up periods, 303 breast cancer-specific mortalities and 49 non-cancer related deaths occurred. At a median follow up of 9.1 years, the 10-year OS rate was 80.5% \[95% confidence interval (CI), 79.5-81.5%\] for the entire cohort. Tumor stages according to AJCC classification of the 1889 patients were as follows: stage 0 in 176 (9.3%), stage I in 540 (28.6%), stage II in 804 (42.6%), stage III in 871 (17.4%), and stage IV in 40 (2.1%) patients. The 10-year OS rates by each stage were 97.3% (95% CI, 96.0-98.6%) for stage 0, 91.4% (95% CI, 90.0-92.8%) for stage I, 83.5% (95% CI, 82.0-84.0%) for stage II, 53.1% (95% CI, 50.0-56.2%) for stage III, and 12.0% (95% CI, 6.7-17.3%) for stage IV.

Survival improvement according to the time period for patients with stage I-III disease
---------------------------------------------------------------------------------------

We noted the increased rate of early breast cancer over time. Additionally, the patients in stage IV without breast surgery were not completely registered in the database; thus, our data could not represent survival of stage IV disease. Therefore, to evaluate the effect of the time periods, we performed survival analysis in patients with stage I to III disease according to the time period. In 1673 patients with stage I-III disease, the 7-year OS rates were 76.2% for 1991-1995, 82.1% for 1996-2000, and 93.7% for 2001-2005 (*p*\<0.001) ([Fig. 1A](#F1){ref-type="fig"}). The 7-year RFS rates were 65.6% for 1991-1995, 75.4% for 1996-2000, and 88.2% for 2001-2005 (*p*\<0.001) ([Fig. 1B](#F1){ref-type="fig"}).

To discriminate between the impact of tumor stage and the time periods on survival, we performed survival analysis by each stage ([Fig. 2](#F2){ref-type="fig"}). In patients with stage I disease, survival significantly differed according to the time period. For these patients, however, OS and RFS did not seem to be much different between the 1991-1995 and 1996-2000 time periods ([Fig. 1](#F1){ref-type="fig"}). In contrast to stage I, the difference between OS and RFS became larger in stage II or III by every time period ([Fig. 2C-F](#F2){ref-type="fig"}). We found that mortality reduction and recurrence reduction according to the time period were mainly achieved in stages II-III.

In the final step, we performed multivariate survival analysis ([Table 2](#T2){ref-type="table"}). In this analysis, the time factor was demonstrated to be a significant prognostic factor for OS and RFS independent of age, tumor size, nodal status, and ER status.

Change in adjuvant chemotherapy and endocrine therapy
-----------------------------------------------------

We investigated the regimens of chemotherapy and endocrine therapy, which reflected the advancement of cancer management ([Table 3](#T3){ref-type="table"}). For endocrine therapy, selective ER modulators were the only option during 1991-1995. However, aromatase inhibitors were introduced clinically during 1996-2000, and their use was expanded during 2001-2005. For chemotherapy, the use of an anthracycline-based regimen was constantly expanded during 15 years. The rate of anthracycline-based regimen use was 57.6% during 2001-2005, whereas it was 33.0% during 1991-1995. At our institute, taxane-related regimens were first prescribed during 1996-2000. Since then, they have become widely used in clinical practice, with 37.1% of patients receiving adjuvant chemotherapy during 2001-2005.

Survival based on molecular subtype
-----------------------------------

To evaluate the prognostic value of breast cancer subtypes, we performed survival analysis with subtypes defined by IHC markers. Stages of all patients were also I-III. Among the 858 patients with known molecular subtypes, luminal A, luminal B, HER-2, and triple-negative subtypes were 375 (43.8%), 190 (22.1%), 134 (15.6%), and 159 (18.5%), respectively. At a median follow up of 5.5 years, OS and RFS significantly differed among the groups classified by subtypes on the log-rank test ([Fig. 3A and B](#F3){ref-type="fig"}). In univariate analysis for OS, luminal A showed the best survival, whereas the triple-negative type showed the worst outcome ([Fig. 3A](#F3){ref-type="fig"}). The 5-year RFS rate was 94.2% in luminal A, 87.5% in luminal B, 85.4% in HER-2, and 85.9% in triple-negative subtypes ([Fig. 3B](#F3){ref-type="fig"}).

To compare the influence on survival of the subtypes with tumor burden, we conducted survival analysis using the subtypes according to each stage. Among 326 patients with stage I disease, a significant difference in RFS and OS was not found among the subtypes (*p*=0.517 and *p*=0.747, respectively) ([Fig. 3C and D](#F3){ref-type="fig"}). Of the 532 patients with stage II and III disease, RFS and OS were significantly different according to subtype (*p*\<0.001 and *p*=0.003, respectively) ([Fig. 3E and F](#F3){ref-type="fig"}). For these patients in stage II and III, the triple-negative subtype showed a worse OS than the best results observed in the luminal A subtype ([Fig. 3E](#F3){ref-type="fig"}). These findings suggest that the influence of subtype has been attenuated in survival of early breast cancer.

DISCUSSION
==========

In the first part of the present study, we evaluated the factors associated with survival improvement in breast cancer using the database of a single institution, which is prospectively maintained and less affected by an interdisciplinary variability. We found that the time period played a major role in the survival improvement of Korean breast cancer patients. Until now, this advance in survival outcome by time trend has been mainly explained by the increasing proportions of early-stage cancer. It has been suggested that the wide application of newly developed agents in chemotherapy or endocrine therapy may be an underlying cause. In our results, an incremental trend in the proportion of stage 0 and I disease was similarly noted (37.3% during 1991-1995 to 42.7% during 2001-2005).

To discriminate the influences on survival improvement between increases in early breast cancer and advances of adjuvant therapy, we performed multivariate survival analysis, including the time factor and survival analysis in each stage among the patients with AJCC stages I-III. The contributions of the time factor to survival improvement were observed independent of other important factors such as age, tumor size, nodal status, and ER status ([Table 2](#T2){ref-type="table"}). Moreover, survival gains brought by elapsed time have been achieved in each stage ([Fig. 2](#F2){ref-type="fig"}). Obviously, this phenomenon was remarkable in stages II and III. To indirectly evaluate the influence of changing regimens in adjuvant therapy, we compared the types of regimens used in endocrine therapy and chemotherapy among the time periods, and our analysis showed that the proportion of new agents of chemotherapy and endocrine therapy incrementally changed over time. Advancement in adjuvant therapy may be associated with survival improvement of breast cancer patients during the investigated period, particularly in the patients with locally advanced breast cancer.

In the previous study based on a large cohort of Korean breast cancer patients,[@B5] an enhanced survival outcome by time trend was reported. However, they suggested the expansion of early-stage breast cancer to an important reason, and comparisons of survival in the same stage were not performed. Our results highlighted that survival improvement by time trend was accomplished in each stage (stage I-III), as well as in the overall population.

In the second part of our study analyzing survival outcome with breast cancer intrinsic subtypes, our data from a cohort with known intrinsic subtypes provided results similar to those of previous studies in which the triple-negative subtype showed the worst outcome.[@B17],[@B18],[@B19] Furthermore, to isolate the prognostic influence of the subtype from the effect of tumor burden, we conducted survival analysis using the subtypes in stage I or stages II and III. In stages II and III, survival outcome significantly varied according to subtype. By contrast, in stage I, a significant difference was not observed in survival outcome among the subtypes, implying that the intrinsic subtypes less affect prognosis in early breast cancer. However, conflicting data have been reported that the subtypes play an important role in prognosis in early breast cancer,[@B20],[@B21] even in node-negative T1ab breast cancer.[@B22] This discrepancy might be explained by the expanded use of chemotherapy in ER-negative patients because we actively used chemotherapy for ER-negative tumors, even for small tumors (data not shown). To solve contradictory results between our data and other studies, longer follow-up duration is required to delineate a survival pattern according to subtype because survival outcome in stage I is very favorable (the estimated 10-year OS rate is 90.9% in stage I).

The present retrospective study possesses several limitations. The retrospective design is associated with inherent limitations. The patients in our study, which is not based on clinical trials, showed heterogeneity in adjuvant therapy. The reasons contributing to survival improvement in each stage are not fully elucidated and the influence of advancement in adjuvant therapy could not be directly evaluated.

However, our findings have advantages over these limitations regarding the well-outlined survival improvement by time trend, and the unique analysis with the intrinsic subtypes based on a single-center database interfered less with heterogeneous treatment policies. The strengths of the study include a large patient population, the long-term follow up duration, and the uniform initial staging and follow-up surveillance protocol. Our attempt to ameliorate survival in Korean breast cancer patients will be facilitated by the findings that we were successful in improving outcome over time.

In conclusion, the present study provides significant evidence of improvement in the prognosis of Korean breast cancer patients with AJCC stage I-III during the recent 15 years, while considering the beneficial effect of significant prognostic factors. Our data imply that advancement of adjuvant treatment plays an integral part in producing a survival benefit and in expanding the therapeutic options for breast cancer patients. Moreover, we concordantly showed a clinical significance of the intrinsic subtypes and provided a novel insight regarding comparison of the prognostic impact between tumor burden and subtypes.
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IDC, invasive ductal carcinoma; ILC, invasive lobular carcinoma.
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Multivariate Models for Survival Outcomes during 15 Years
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CI, confidence interval.

###### 

Change in Adjuvant Therapy Regimen for Patients with Stage I-III Disease Based on the Time Period
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SERM, selective estrogen receptor modulator; AI, aromatase inhibitor; CMF, cyclophosphamide-methotrexate-5-fluorouracil.

^\*^Taxane-based regimen included the sequential regimen such as anthracycline followed by taxane.
